Mauna Loa
Mauna Loa, the largest volcano on Earth, has erupted 33 times since written descriptions became available starting in A.D. 1843. Some eruptions begin with only brief seismic unrest, although others follow several months to a year of increased seismicity. Once underway, an eruption sheds lava flows that may reach the sea in less than 24 hr, severing roads and utilities. For example, the 1950 flows from the Southwest Rift Zone eruption advanced at an average rate of 9.6 km/hr (Finch and Macdonald, 1953) , although the flows must have traveled much faster near the eruptive vents. The flows reached the ocean in approximately 3 hr from the beginning of the eruption (Finch and Macdonald, 1953) . In terms of eruption frequency, preeruption warning, and rapid flow emplacement, Mauna Loa has great volcanic-hazard potential for the Island of Hawai'i. Volcanic hazards on Mauna Loa may be anticipated, and risk substantially mitigated, by documenting the past activity to refine our knowledge of the hazards and by alerting the public and local government officials to our findings and their implication for hazards assessments and risk.
Mapping Project
The Mauna Loa mapping project will generate detailed geologic maps and associated digital databases of Mauna Loa ( fig. 1 ) on the Island of Hawai'i, Hawaii. This temporal and spatial record of Mauna Loa's eruptive activity for the last 10,000 yr provides a geologic framework to evaluate eruptive processes at large basaltic shield volcanoes and to determine the long-term frequency and style of Mauna Loa eruptions as guides for volcanic-hazards appraisals and land-use decisions (Trusdell, 1995) .
The subaerial volcanic geology of Mauna Loa ( fig. 1 ) is being mapped and digitally compiled on five maps at 1:50,000 scale to show the extent of surface flows. Approximately 500 flows have been identified and their attributes compiled in a large database. This temporal and spatial record of eruptive activity for the last 30,000 years provides a geologic framework to interpret the long-term frequency and style of Mauna Loa eruptions. These data permit quantitative analysis of the distribution of eruptive products through time and improve evaluation of volcanic risk and land-use decisions (Trusdell, 1995) .
Northeast Flank Mauna Loa
The map of the northeast flank of Mauna Loa shows the distribution and relations of volcanic and surficial sedimentary deposits. It incorporates previously reported work published in generalized small-scale maps (Lockwood and Lipman, 1987; Buchanan-Banks, 1993; Lockwood, 1995; Wolfe and Morris, 1996) . The simplified unit labels on the map are non-unique labels that provide quick access to the unit morphology, age, mineralogy, and stratigraphy. This non-unique unit label may be used for an entirely different unit on a different flank of Mauna Loa.
Mapping Methods
The geology was mapped using vertical aerial photos taken in 1977 and 1978 . Extensive field work required walking the contacts to distinguish individual flow units and intraflow boundaries, including morphologic contacts between 'a'ä and pähoehoe. Where the terrain and jungle obscured contacts, we created a grid pattern of transects; the ensuing contacts were extrapolated between transects from geological and botanical inferences. Details from aerial photos were transferred to 1:24,000-scale base-stable material (greenlines) via a photogrammetric stereoplotter (Kern model PG-2). After details were finalized, greenlines were scanned and brought into ArcInfo to create the database.
Reliably correlating discontinuous exposures from outcrop to outcrop and through heavily vegetated areas is a major challenge in mapping a volcano that consists entirely of compositionally similar tholeiitic basalt. Criteria used for correlation include phenocryst size, morphology, and proportion; groundmass texture; vesicle shape; vesicle linings (magnesioferrite); surface flow morphology; paleomagnetic pole directions; rock chemistry; and varied evidence on relative and absolute ages. Paleomagnetic poles are an indispensable tool for making correlations between flows over large distances and, especially, through dense jungle. Individual flows typically change from pähoehoe near the vent to 'a'ä downslope, especially for highdischarge eruptions; low-discharge eruptions may result in the distal emplacement of pähoehoe through efficient lava-tube delivery systems.
The pre-1843 lava flows and tephra deposits are divided into 15 age groups by several methods. About half the flows were dated directly (92 radiocarbon ages), using carbonized organic material recovered from beneath each flow (Lockwood and Lipman, 1980) . For undated flows, relative ages are assigned on the basis of flow and mineral weathering, surface color, amount of soil and ash accumulation, degree and type of vegetative cover, and stratigraphic relations with adjoining dated flows.
We use surface color effectively as an indirect indicator of age. Young flows are initially black. As the rock is exposed to direct sunlight, the color changes from black to dull black, progressing to grays, browns, tans, orange, and, finally, reds hues. The longer the rock is exposed to direct sunlight, the greater the color progression. Lipman (1980) used this color scheme effectively to tentatively classify the ages of eruptive units. In addition, soil and ash accumulation are used as an indirect indicator of age. The thickness of ash, however, may also be a function of proximity to the contributing source(s).
Digital Database
The digital database contains all the information shown in the printed publication at 1:50,000 scale, but it is accurate to 1:24,000 scale. It is structured on a unique three-digit flow identification number (FID; for example, FID 831), which is assigned to each flow unit mapped on Mauna Loa. The FID is essential as a unique descriptor for unit identification in the database; it is included at the end of each unit description in 
Geology Northeast Rift Zone
Although most Mauna Loa eruptions begin in the summit area (>12,000 ft [3,600 m] elev; Lockwood and Lipman, 1987) , the Northeast Rift Zone (NERZ) was the source of eight flank eruptions since 1843 (table 1) . The NERZ extends from the 13,680-ft-high (4,169 m) summit towards Hilo (population ~60,000; second-largest city in State of Hawaii). Hilo is built entirely on flows erupted from the NERZ, although most source vents are more than 30 km distant. Most of these flows are older than A.D. 1843, but the A.D. 1880 flow extends into Hilo, nearly reaching Hilo Bay.
From the geologic record, we may deduce several generalized facts about the geologic history of the NERZ. The middle to uppermost segments of the rift zone were more active in the past 4,000 years than the lower portion of the rift zone. This may be due to buttressing of the lower east rift zone by Mauna Kea and Kïlauea Volcano. The historical flows that erupted on the north side of the rift zone advanced toward Hilo. This flank of the volcano may be more vulnerable to inundation. Lockwood (1990) noted that the vents of historical activity are migrating to the south. The volcano appears to have a self-regulating mechanism that evenly distributes long-term activity across its flanks. The geologic record also supports this notion; the time prior to the historical period (Age Group 1, pre-A.D. 1843-1,000 yr B.P.) is dominated by activity on the south side of the NERZ.
The NERZ trends N. 65º E. and is about 40 km long and 2-4 km wide, narrowing at the summit caldera. It becomes diffuse (6-7 km wide) at its downrift terminus, which is around 3,400 ft (1,030 m) elevation. Its constructional crest is marked by low-spatter ramparts and by spatter cones as high as 60 m. Subparallel eruptive fissures and ground cracks cut vent deposits and flows in and near the rift crest. Lava typically flows to the north, east, or south, depending on vent location relative to the rift crest.
Volcanic Deposits

Flows
The map encompasses 1,140 km 2 of the northeast flank ( fig. 1 ) of Mauna Loa from 10,880 ft (3,786 m) elevation to sea level. It shows the distribution of eruptive units (flows) separated into 14 age groups ranging from a period prior to 30,000 yr B.P. to A.D. 1984. Pähoehoe is characterized by bulbous, smooth, and ropy surfaces, and the general topography can be described as hummocky. Lava tubes are common features in pähoehoe flows. Most 'a'ä flows also start as pähoehoe flow types near the vents and transition to 'a'ä downslope.
'A'ä flows, which cover slightly more than half of the map area, are generally thicker and form broader units than pähoehoe flows. 'A'ä flows are characterized by rubbly and (or) clinkery upper surfaces and have a rough texture; they are typically 3 to 15 m thick.
Effusion rates and slope influence lava morphology. High effusion rates, combined with steep slopes, usually generate 'a'ä. Moderate to low effusion rates typically produce pähoehoe. Not surprisingly, 'a'ä is abundant in the region, which has the highest effusion rates and some of the steepest slopes of any sector of Mauna Loa (Trusdell, 1995) . The relation between high effusion rates and steep slopes has momentous implications for volcanic hazards and flow-advance rates, especially for the southwest flank of Mauna Loa.
Vesicles are present in both pähoehoe and 'a'ä flows. In 'a'ä flows, vesicles are generally fewer in number and volume (<35%), irregularly distributed, commonly deformed and subangular in shape, and larger in size than in pähoehoe flows. In contrast, vesicles in pähoehoe flows are smaller, more abundant and voluminous (40-60%), moderately distributed to well distributed, and spherical to subrounded. Some age groups are not represented on this map (age groups 7, 14, and 15).
Age Groups
The age groups are arbitrary boundaries created by the authors. They are broken down into 1,000-year intervals until the latter age groups. The larger age groups represent time periods greater than 1,000 years. The age groups are defined on the basis of radiocarbon years. Unless the flows are dated, the reliability of age determinations decreases with increasing age. 1843, 1852, 1855-56, 1880-81, 1899, 1935-36, 1942, and 1984 . Soil or ash cover is absent except in forested areas, and surficial glass is common. Most lava flowed north and northeast from the NERZ.
A.D. 1984-The 1984 eruption began on March 26 and continued for 22 days. It was Mauna Loa's fifth longest historical NERZ eruption; the erupted volume is 220 x 10 6 m 3 . Much of the lava is 'a'ä. The vents were distributed along a 15-km segment of the NERZ between 9,350 and 12,400 ft (2,850 and 3,780 m) elevation. Most fissures are west of the map area at higher elevations. The main fissure is located at approximately 9,600 ft (2,926 m) elevation and is shown on the map. The flows from this eruption came within 7 km of the greater city limits of Hilo (Kaumana City).
A.D. 1942-The eruption began at the summit on April 26. When it ended on May 9, a lava flow extended 26 km from the main vents at 9,350 ft (2,850 m) A.D. 1899-The 1899 eruption began with a summit outbreak on July 1. It was followed on July 5 by a flank eruption on the NERZ at 10,990 ft (3,350 m) elevation, only 3 km west of the map area. The flank eruption, which lasted 18 days, produced about 80 x 10 6 m 3 of lava; it was the least voluminous historical eruption on the NERZ, only one-third the size of the 1984 eruption.
A.D. 1880-81-The eruption of 1880-1881 began on May 1, when a small, short-lived eruption at Mauna Loa's summit heralded the beginning of an eruptive sequence that was followed 6 months later by a voluminous flank eruption, which would eventually threaten Hilo. The flank phase of the eruption began on November 5. The outbreak was located at 11,000 ft (3,353 m) elevation, about 1.5 km above Pu'u'ula'ula. High lava fountains fed an 'a'ä flow that moved swiftly down the north flank (west of the map area). Another branch of the 'a'ä flowed southeast, stopping within 1.5 km of Kïlauea Volcano. As fountains waned, a new vent opened downrift, about 450 m northwest of Pu'u'ula'ula. From this new vent, lava simply oozed up from an earth crack and moved as pähoehoe steadily northeastward. There was no major concern during the winter of 1880-81, because the flow moved slowly. By late March 1881, the flow came within 11 km of Hilo. By early June the flow was within 8 km of Hilo, and concern mounted. On June 26, the flow entered stream channels above Hilo and appeared to accelerate. By August 10, all forward progress ceased. The 1881 lava came within 1.9 km of Hilo Bay. Its terminus today is at the intersection of Mohouli and Pöpolo Streets.
A.D. 1855-56-The 1855-56 eruption began in August 1855 and continued for about 450 days. It was Mauna Loa's longest historical eruption. The eruption included many episodes of high fountaining and was characterized by highly variable rates of lava production. Most of the lava erupted is pähoehoe with minor amounts of 'a'ä. A lava tube system never formed, but the flows, which attained a volume of 280 x 10 6 m 3 , came within 10 km of Hilo Bay. The vents were distributed along a 10-km segment of the NERZ between 9,020 and 11,975 ft (2,750 and 3,650 m) elevation. The flow is exposed south of Saddle Road (Highway 200) at 5,000 ft (1,524 m) elevation and north of the road near 2,400 ft (732 m) elevation. Trees on this flow are taller and grow more densely than those on the 1880-81 flow, because the rougher surface holds more water and nutrients.
A.D. 1852-The 1852 eruption began on February 17 and continued for 20 days. Much of the lava is 'a'ä; the erupted volume is 182 x 10 6 m 3 . The vents were distributed along an 18-km segment of the NERZ, which is mostly buried by younger lava flows. The flows from this eruption came within 6 km of Hilo. The higher elevation vents are 8.5 km west of the map area.
A.D. 1843-The 1843 eruption began on January 10 and continued for approximately 90 days. This eruption produced both 'a'ä and pähoehoe. Surface relief on the 1843 'a'ä flow is more than 8 m, locally. The high-standing areas are large floating masses of cooled lava that were left behind as more fluid 'a'ä continued to move around them. The eruptive sequence demonstrates a common situation: younger pähoehoe covering older 'a'ä of the same eruption. Erupted volume is about 202 x 10 6 m 3 . Vents were distributed along a 5-km segment of the NERZ; the lowest elevation vent is radial to the trend of the rift zone. Most of this unit, including the source vents, is 3.5 km west of the map area.
Age Group 1 (pre-A.D. 1843-1,000 yr B.P.)
Spatter and flows are typically slightly weathered and have negligible overlying soil or ash except in forested areas. Surficial black glass is commonly present. Sixteen of eighteen flows have radiocarbon ages. In contrast to flows of Group 0, these flows traveled primarily southward from the NERZ. Eruptions from this period cover approximately 13 percent of the map area.
Age Group 2 (1,000-2,000 yr B.P.)
Spatter and flows typically have some overlying soil or ash at lower elevations, and any surficial glass shows slight mechanical degradation and color lightening to gray hues. Six of ten flows have radiocarbon ages. Eruptions from this period cover nearly 28 percent of the map area.
Age Group 3 (2,000-3,000 yr B.P.)
Spatter and flows are mildly weathered, and surficial glass is locally preserved. One of nine flows has a radiocarbon age. Eruptions from this period cover nearly 5 percent of the map area.
Age Group 4 (3,000-4,000 yr B.P.)
Spatter and flows are moderately weathered, and surficial glass is preserved only in protected places. Two of nine flows have radiocarbon ages. Eruptions from this period cover nearly 7 percent of the map area.
Age Group 5 (4,000-5,000 yr B.P.)
Spatter and flows are moderately weathered, surficial glass is rare, and upper surfaces have moderate mechanical degradation. These flows commonly have as much as 0.4 m of overlying soil or ash, especially to the north adjacent to Mauna Kea and to the south in close proximity to Kïlauea. Two of nine flows have radiocarbon ages. Eruptions from this period cover less than 6 percent of the map area.
Age Group 6 (5,000-6,000 yr B.P.)
These rocks are becoming weathered and typically are covered with 0.2-0.3 m of ash or soil, especially at lower elevations. Two of nine flows have radiocarbon ages. Eruptions from this period cover less than 10 percent of the map area.
Age Group 7 (6,000-7,000 yr B.P.)
Flows dated 6,000-7,000 radiocarbon yr B.P. were not identified within the map area. It is possible that, with so many undated flows, one or two could fall into this age category. Lockwood (1995) reported that the absence of any dates of this range suggests that eruptive activity may not have occurred on Mauna Loa's flanks during this time interval. It is plausible that activity may have been limited to the summit (lava lake activity) or the volcano's submarine flanks (Lockwood, 1995) .
Age Group 8 (7,000-8,000 yr B.P.)
The flows are moderately weathered; upper surfaces have open-vesicle texture and are broken, and red-orange surfaces occur at higher elevations. Tephra is beginning to accumulate in lowlying areas. This age group is represented by a single dated flow. Eruptions from this period cover less than 4 percent of the map area.
Age Group 9 (8,000-9,000 yr B.P.)
The flows are deeply weathered, showing red-orange surfaces at higher elevations; mechanical disintegration of upper surfaces is almost complete. Tephra is beginning to accumulate in low-lying areas. Three of five flows have radiocarbon ages. Eruptions from this period cover less than 1 percent of the map area.
Age Group 10 (9,000-10,000 yr B.P.)
These flows are found only at low elevations of the NERZ; they are buried by younger flows closer to eruptive vents. Tephra and soil fill low-lying areas; accumulations as thick as 0.50-1 m are common. Surface color approaches red. Three of four flows have radiocarbon ages. Eruptions from this period cover less than 4 percent of the map area.
Age Group 11 (10,000-15,000 yr B.P.)
These flows are found only at low elevations of the NERZ; they are buried by younger flows closer to eruptive vents. Flows have few if any original surfaces left. Upper surfaces are commonly stained red orange, probably due to hydration of glass. In the wet windward regions, the rock is weakened by chemical weathering and hammer impacts often leave a divot. Olivine is altered, yellowed, and (or) brown green and begins to look micaceous. Units of this age have 1-3 m of soil or ash cover. Groundmass is often a dull gray and looks cryptocrystalline but, in actuality, is partly altered. Five of nine flows have radiocarbon ages. Eruptions from this period cover less than 3 percent of the map area.
Age Group 12 (15, ,000 yr B.P.)
These flows are found only at low elevations of the NERZ; they are buried by younger flows closer to eruptive vents. Flows have no original surfaces left. Upper surfaces are commonly stained red orange, probably due to hydration of glass. In the wet windward regions, the rock is mushy from chemical weathering; hydrated glass turns to clay. Olivine appears micaceous and (or) cloudy and is mostly altered. Units of this age have 2-4 m of soil and ash cover. Groundmass is altered and lined with alteration products (limonite). Eruptions from this period cover less than 2 percent of the map area.
Age Group 13 (20,000-30,000 yr B.P.)
These flows are found only at low elevations of the NERZ; they are buried by younger flows closer to eruptive vents. These flows are exposed just above Hilo, where they are overlain by as much as 6 m of ash. The flows have no remaining original surfaces. Boundaries between individual flows are blurred. In the wet windward regions, the rock is mushy and olivine phenocrysts are mostly altered and generally soft. Five flows have radiocarbon ages. Eruptions from this period cover less than 1 percent of the map area.
Age Group 14 (30,000-100,000 yr B.P.)
Flows with dates of 30,000-100,000 yr B.P. were not identified within the map area. Flows from Mauna Loa with ages of 43,030 and 37,430 yr B.P. were dated in the Hawaii State Drilling Project. These flows are sufficiently old that all exposures are buried by younger flows. On the south end of the island they are exposed in fault scarps, sea cliffs, and drainages around Nä'älehu and in the Kahuku Pali. Where exposed, these flows are commonly overlain by as much as 6 m of ash.
Age Group 15 (>100,000 yr B.P.)
Flows with dates of >100,000 yr B.P. were not identified within the map area. These flows are exposed in fault scarps and drainages on the southern end of the island and in the Nïnole Hills. The unit represents the oldest exposed rocks on Mauna Loa. These rocks are commonly overlain by as much as 6 m of ash and have no remaining original surfaces.
Surficial Sedimentary Deposits
We separated the man-made (unit m) from naturally occurring deposits. Small alluvial deposits (unit Qal) are present in the NERZ. Other sedimentary deposits were too small and transient to map. Alluvial deposits chiefly consist of unconsolidated sand along the coast and pebble-to cobble-size gravel in drainages that occur locally within portions of the map area.
Several man-made artificial deposits (unit m) are found near Kea'au below the old Puna Sugar Mill (now a power generation plant for Hawaiian Electric Company, Inc.). These deposits consist of mud and rock slurry from washing cane prior to processing. The slurry was emptied onto adjacent younger Mauna Loa lava flows in an attempt to make the land arable. This unit is only mapped where the underlying rocks cannot be identified.
Volcanic Ash
Pahala Ash
Pahala Ash includes beds of fallout and surge deposits that represent accumulation of deposits from numerous eruptions. Deposits include glassy ash and lapilli, now mostly altered to clay, crystals, and lithic fragments. Phenocryst abundance is difficult to estimate, owing to chemical decomposition, but ranges from aphyric to moderately porphyritic, with as much as 8 percent olivine and fewer plagioclase phenocrysts. It is found chiefly in the Punaluu, Naalehu, and Ka Lae quadrangles and in adjacent upslope areas, where it overlies lava flows ranging in age from 31,000 to 2,000 yr B.P.
Pahala Ash was described by Stone (1926) , Stearns and Clark (1930) , Wentworth (1938) , Stearns and Macdonald (1946) , Fraser (1960) , Walker (1969) , and Easton (1978) . The term eventually came to be used for ashes from Kohala to Kalae at South Point. According to Easton (1987) , Wolfe (oral commun., 1986) determined that the ash deposits of Kohala, Waimea, Hämäkua, and North Hilo were derived locally and are chemically distinct from ashes near Kïlauea and on the east flank of Mauna Loa. Pahala Ash is not mapped at the surface in the map area.
Distal Tephra Deposits
All ashes in the mapped area that are less than, and equal to, late Pleistocene (16,000 yr B.P.) are incorporated into the undivided tephras. Unit tn defines deposits north of the NERZ and unit ts defines those adjacent to, and south of, the NERZ. "Tephra" (tn or ts) is used as the unit identifier when a mostly Holocene ash deposit is of sufficient thickness to mask the underlying flow(s) or when the extent of the flow(s) cannot be mapped with a reasonable degree of certainty. Where we are able to map ash-covered flows ≤16,000 yr B.P. in age with a high degree of certainty (see database for contact certainty), we show a + pattern.
There are two main subdivisions in this group: northern tephra and southern tephra. The tephras are comprised of beds of ashfall deposits in the map area. The northern tephra (tn, FID 996) is probably derived from Mauna Kea, and the southern tephra (ts, FID 959) is most likely from Kïlauea, although Mauna Loa cannot be excluded as a source.
The ash is a mixture of yellow-brown palagonite, rare vitric shards, Pele's hair, pumice, and olivine phenocrysts. It is derived from airfall deposits, weathered and reworked ash, and sediments. The ash is comprised mostly of sand and silt-sized fractions. Ancient soil horizons are present in some localities. The appearance of the ash is greatly influenced by climate. In dry areas, it is friable, in places compact, but it is mostly sandy, loose, and dusty. In higher-rainfall areas, the ash appears claylike and darker in color. Table 2 reports 112 radiocarbon ages from 48 lava flows (Kelley, 1979; Kelley and others, 1979; Rubin and others, 1987; Buchanan-Banks and others, 1989; Buchanan-Banks, 1993) . Most are conventional ages analyzed by the U.S. Geological Survey laboratory in Reston, Virginia; in addition, four Accelerator Mass Spectrometer (AMS) ages were analyzed by other laboratories.
Radiocarbon Data
Carbonized roots, twigs, or vegetative litter formed most samples; rarely, unaltered wood was used. Some eruptive units have multiple ages (table 2) obtained by dating samples from two or more locations beneath the unit. In these cases, we report a weighted mean age, whereby each age is weighted by the inverse of its variance before averaging (a standard statistical method; for example, Taylor, 1982) .
Each age was calibrated to calendar years using the CALIB 4.0 Radiocarbon Calibration Program (Stuiver and others, 1998) . The calibrated ages are for two standard deviations. The age range in table 2 encompasses the entire age range of calendar ages possible for a given radiocarbon age. Symbols indicating quality show usefulness of age in stratigraphic interpretations. Meaningless ages are reported in the Appendix.
DESCRIPTION OF MAP UNITS
[Some unit exposures on the printed or plotted map are not labeled to avoid obscuring data; use unit color or the database (https://doi.org/10.3133/sim2932A) for unit identification. The simplified map unit label is not unique and provides quick access to flow morphology, flow age group, phenocryst mineralogy, and flow number in an age group (table 3, sheet 1); this non-unique unit label may be used for an entirely different unit on a different flank of Mauna Loa. We use the term "phenocryst" for any mineral ≥1 mm in maximum diameter. Pyroxene is not an abundant phenocryst in Mauna Loa lava flows and, therefore, it is not included in phenocryst mineralogy. Multiple labels for a unit are listed with the most abundant lithology first. In addition to the map unit label, a unique, three-digit flow identification number (FID; for example, FID 831) is assigned to each mapped flow unit to facilitate use of the database for the entire Mauna Loa edifice; therefore, the FID is essential as a unique descriptor for unit identification in the database. No age group 7, 14, or 15 units were identified in the map area]
SEDIMENTARY DEPOSITS
SURFICIAL DEPOSITS (HOLOCENE)
Qal
Unconsolidated sedimentary deposits-Include alluvium, beach-and bay-filling deposits, gravel, and sand m Man-made deposits-Artificial fill found 1.5 km northeast of Kea'au and on northeast corner of General Lyman Field (Hilo International Airport). Deposits consist of mud, rock slurry, sugarmill effluent deposits, and artificial fill. Mapped only where underlying rock cannot be identified
VOLCANIC DEPOSITS
LAVA FLOWS AND VENT DEPOSITS Kau Basalt
The Kau Basalt includes historic and prehistoric members. The prehistoric units range in age from pre-A.D. 1843 to 30,000 yr B.P. The Kau Basalt consists of tholeiitic basalt, vent deposits, and lava flows. The flows are mostly aphanitic, and some have variable amounts of olivine and plagioclase phenocrysts. Pyroxene is rare in hand specimen. Pu'ukïpü flow-Poorly exposed, widely scattered 'a'ä kïpuka within other flows and spatter cone Pu'ukïpü (6,289-ft elev) in north-central Kulani quadrangle. Flow is fine grained and aphanitic.
FID 871
Age Group 6 (5, [0] [1] [2] [3] [4] [5] [6] 000 yr B.P.; Holocene) p6e1, s6e1, Pu'umaka'ala picrite flow-Picritic pähoehoe and 'a'ä in Puu Makaala, Mountain View, and Hilo quadrangles covers 72 sq km. Underlies Kurtistown and Kea'au. Dark groundmass, bluish to a4a9 a5a3 a5b7, s5b7 a6e1 s4g8 greenish gray, and fine grained. Contains 10-30% large, clear, yellow-green, subhedral olivine and 0-2% plagioclase phenocrysts. Xenoliths of gabbro and dunite as much as 1.5 cm across are common. Where flow is weathered, olivine phenocrysts protrude above rock surface. 'Öla'a Plantation flow-'A'ä with 4-8% olivine phenocrysts. Contains minor pähoehoe. Underlies Pu'umaka'ala picrite flow (a6e1, FID 947) near its distal end. In addition to olivine, flow has 3% plagioclase and rare microgabbroic clots (<1 cm). FID 955 a6a9
Pu'umaka'ala Natural Area Reserve flow-Nearly aphyric 'a'ä in Kulani and Puu Makaala quadrangles south of Pana'ewa picrite flow (p2l2, FID 828). Dense, medium-to dark-gray groundmass. Contains <1% phenocrysts of olivine. Covered by soil 0-25 cm thick. FID 971
Age Group 7 (6, [0] [1] [2] [3] [4] [5] [6] [7] 000 yr B.P.; Holocene) [No units of this age group are found at the surface in the map area]
Age Group 8 (7, (0) (1) (2) (3) (4) (5) (6) (7) (8) 000 yr B.P.; Holocene) p8e1 Palakea Flat flow-Picritic pähoehoe west of Pu'ulala'au in southern Kulani and Puu Makaala quadrangles. Characterized by 25-30% clear, large, subhedral to anhedral olivine and 0-2% plagioclase phenocrysts, mostly intergrown with olivine. Vesicles are highly irregular in distribution, subrounded, and commonly magnesioferrite lined. Flow is commonly covered with as much as 2 m of tan ash; outcrops are fairly common. Dzurisin and others (1995) The Kahuku Basalt consists of units with an age range of 30,000 to 100,000 years. The Kahuku Basalt comprises tholeiitic basalt, tuffs, vent deposits, and lava flows that rest unconformably on the Ninole Basalt. The flows are mostly aphyric and some have variable amounts of olivine and plagioclase phenocrysts. The Kahuku Basalt type locality is the Kahuku Pali or Kahuku Fault near South Point (Kalae). Kahuku Basalt rocks are also exposed in scarps north of Wai'öhinu and at the coast from Waikapuna to Honu'apo, at Mäniania Pali.
Age Group 14 (30, 000 yr B.P.; Pleistocene) [No units of this age group are found at the surface in the map area]
Ninole Basalt
The Ninole Basalt includes the oldest exposed rocks on Mauna Loa at greater than 100,000 yr B.P. These rocks are exposed in the Ka'ü District. The Ninole Basalt consists of tholeiitic basalt, tuffs, vent deposits, and lava flows. The flows are mostly aphyric and some have variable amounts of olivine and plagioclase phenocrysts. C ages of 2,110±120 yr B.P., 2,265±50 yr B.P., and 2,770±70 yr B.P., all dating Uwekahuna Ash Member of Puna Basalt (Dzurisin and others, 1995) . Another age of 4,135±49 was obtained from tephra on the east flank of the volcano. Distributions of ash near Kïlauea seem to be influenced by the inversion layer on windward coast of Island of Hawai'i, which seems to extend as high as 26,240-29,520 ft. This meteoric phenomenon appears to limit distribution of ash to lower elevations; therefore, overlay patterns for tephra deposits may vary with elevation within flows or on flows of similar age. Possibly, tephra deposited at higher elevations (alpine and above) lack vegetative cover that preserves it, allowing combined wind and rainfall to strip deposits from higher elevations. FID 959 Table 2 . Radiocarbon ages of samples from the northeast flank of Mauna Loa, Island of Hawai'i, Hawaii.
Age
[All ages are reported as radiocarbon years before present (yr B.P., before the calendar year datum of A.D. 1950); meaningless (large analytical error) or incorrect (using all age data and regional stratigraphic relations) ages are reported in the Appendix. Dated materials include charcoal, roots, twigs, vegetative litter, or unaltered wood (rarely). A variance is reported as one standard deviation, in years. See figure 1 Hilo drill-hole sample L-93-365 AA12736 Hilo
